Abstract The Andalusian toothcarp, Aphanius baeticus, is a critically endangered cyprinodontid species, with only nine known extant populations.
Introduction
Interspecific competitive and predatory interactions are important determinants of organism (e.g. behaviour) and population (e.g. density) character (Sih et al. 1985) . Numerous studies have shown that among fishes these interactions can modify abundance (Baltz et al. 1982; Perssons 1983) , sexratio (Belk and Lydeard 1994) , growth (Byströ m and García-Berthou 1999) , diet (Brabrand 1985) or habitat use (Power 1984; Harvey 1991; Prenda et al. 1996) . When dealing with endangered species, it is crucial to take into account the possible effects of co-occurring species that could reduce population viability of the former (Fuselier 2001; Rincó n et al. 2002) .
The Andalusian toothcarp, Aphanius baeticus, is a small (usually less than 50 mm) euryhaline cyprinodontid species (Sanz 1985; Oltra and Todolí 2000) that inhabits streams and lagoons in the Atlantic slope of southern Spain. It has been recently described as a separate species from A. iberus (Doadrio et al. 2002) , which is distributed along the Iberian Mediterranean coast (Doadrio 2001) . Though Andalusian toothcarp is not yet officially listed as a threatened species, according to Doadrio et al. (2002) it should be considered Critically Endangered (CR), due to its extremely reduced distribution with only nine known locations.
Cyprinodontid fishes typically inhabit environments that are marginal for other fishes, such as small streams from arid or semiarid regions, which often lack competitors and major predators (McMahon and Tash 1988; Bennett and Beittinger 1997) . They often occur at high population densities only in habitats supporting few or no other species (Echelle et al. 1972) . Both Iberian Aphanius species have been shown to be very sensitive to the presence of other fish species. However, although special interest has been devoted to remark the impact of exotic species on Iberian cyprinodontids (Rincó n et al. 2002 and references therein), direct field work on the issue is very scarce (e.g. Garcia-Berthou and MorenoAmich 1991). Information on the interspecific relations between Iberian toothcarps and sympatric native species is even scarcer. In spite of this, Prenda et al. (2003) reported a negative relationship between the abundance of Andalusian toothcarp and that of other fish species (including both native and introduced). Toothcarp achieved its highest abundances in locations where it is the only species present. Clavero et al. (2005) analysed microhabitat use of Andalusian toothcarp and other small-bodied fishes in a species-rich stream stretch. Due to spatio-temporal segregation of fish species, that work suggested that toothcarp microhabitat use could be influenced by biotic interactions. In the present study we compare results from this Andalusian toothcarp population with those from another one inhabiting a hypersaline stream in which no other fish species is present. Our aim was to asses the potential influences of interspecific interactions on Andalusian toothcarp abundance and microhabitat use. A better understanding of these interactions could have important implications for conservation of the species. We limited our study to the summer dry season, when most Mediterranean-regime streams are reduced to isolated pools (Gasith and Resh 1999) and interactions between fish species are most acute (Magalhã es et al. 2002; Magoulick and Kobza 2003) .
Study sites

Tarifa-sympatric site
In the lower reaches of the La Vega River near Tarifa (Cá diz, S Spain) Andalusian toothcarps (henceforth toothcarp) occupies a stretch of about 600 m length just upstream of the stream's tidal section (Clavero et al. 2005) . Flow ceases during summer, when only some pools retain freshwater. The occurrence of both estuarine and freshwater species favours the presence of a rich ichthyofauna in the site (Clavero et al. 2006) . Among fish species occupying this stream stretch at least eel, Anguilla anguilla, and European sea bass, Dicentrarchus labrax, the later being quite uncommon, can predate upon the whole size range of toothcarp. Other species, such as Iberian chub, Squalius pyrenaicus, large sand smelt, Atherina boyeri, individuals and even large invertebrates (e.g. red swamp crayfish, Procambarus clarkii, or water scorpions, Nepa cinerea), could also be able to predate upon small toothcarps (e.g. Rosecchi and Crivelli 1992; BlancoGarrido et al. 2003) . Viperine snake, Natrix maura, is abundant in the area (Clavero et al. 2005) and shore birds are also present.
Montellano-allopatric site
El Montero Stream, located near the village of Montellano (Sevilla, S Spain), is a tributary of El Salado River, which flows into the Guadalquivir River's marshes. El Montero is a hypersaline stream, with conductivity in summer pools reaching more than four times that of sea water (ranging 110-180 mS cm -1 ). Toothcarp is the only fish species present in this stream. The main fish predators observed in the area were shore birds (kingfisher, Alcedo atthis, or egrets, Ardeidae), since viperine snake and large predatory invertebrates were absent.
Methods
Fish captures
Fish were captured using cylindrical (240 mm length, 95 mm width, 21 mm mouth) plastic minnow traps (Clavero et al. 2006) , henceforth traps, used in pairs, with one trap touching the stream bottom and another placed just below the water surface (Clavero et al. 2005) . Traps were set during the day for 3.9 ± 2.2 h (mean ± SD). The depth of each trap and the presence of surrounding shelter (submerged or emergent macrophytes or among riverine vegetation entering the water) were noted. Captured fish were measured for total length (TL) and released. The Table 1 .
Data analyses
Toothcarp densities were expressed as catch per unit of effort (CPUE), which was defined as the number of fish captured per trap per hour (f · t · h). To account for ontogenetic differences in microhabitat use, captured individuals were classified into three size categories: small (£22 mm), medium (23-28 mm) and large (>28 mm) (Clavero et al. 2005) (Fig. 1) . CPUE values were calculated for each size category. We used site (allopatric-sympatric), trap position (bottom-surface), shelter (present-absent) and depth as explanatory factor to analyse variations in fish density and fish size. Depth measurements were converted to 4 categories ( < 20 cm, 20-39 cm, 40-59 cm and >59 cm) and were introduced as a categorical factor in the analyses.
Variations in fish density were analysed through generalised linear models (GLMs). Since CPUE values derive from count data, we used a Poisson error distribution and log link function. Significance of explanatory factors' effects was assessed through the F-statistic instead of using v 2 -tests, in order to avoid inflated Type-I error probability due to overdispersion (i.e. dispersion parameter being larger than 1) (Crawley 2002 ). Different models were run for data from each size Factorial analysis of variance (ANOVA) was used to analyse variations in fish size. Only fish captured in bottom trap were used in this analysis, which included site, depth and shelter as factors. To compare effect sizes (i.e. importance of factors) we used partial g 2 (partial eta squared), which is the proportion of variation explained by a certain effect (effect SS/effect SS + error SS). Partial g 2 has the advantage of not depending on the number of sources variation in the ANOVA design used or the number of levels (i.e. degrees of freedom) of each factor (Tabachnick and Fidell 2001) .
Results
We deployed 420 traps to capture 6598 toothcarps (Table 1) . Overall mean CPUE was 3.88 f · t · h with a maximum value of 124 f · t · h. Toothcarp abundance was almost five times greater in the allopatric site (7.3 f · t · h) than in the sympatric one (1.6 f · t · h). When only bottom traps were considered, inter-site differences became even more important (13.2 vs. 2.0 f · t · h), since very few toothcarps were caught in surface positions in the allopatric site (Table 1) . However, the effect of site on toothcarp abundance was dependent on fish size. There were no or only slight difference in the abundance of small tootcarp between sites, while medium and large-sized individuals were much more abundant in the allopatric site (Tables 2, 3 ). In the different models that were run the factor site accounted for between 3 and 6 times more deviance (i.e. variance) in fish density in the two largest size categories than in the smallest one.
Toothcarp tended to occupy positions near the stream bottom, a behaviour that was consistent between sites in the two largest size categories. However, while in the allopatric site toothcarps across the whole size range were equally scarce on surface positions, small individuals in the sympatric site were as abundant on the surface as at the bottom (Fig. 2) .
The densities of all toothcarp size categories were influenced by water depth (Table 3) . This influence changed with fish size, larger fish occupying deeper waters (Fig. 3) . The significant effect of the interaction depth · shelter (Table 3) accounted for the fact that fish across all sizes Numbers are % deviance (i.e. variance) explained by each factor in the model. Significance levels (as assessed by the F statistic): *P < 0.05, **P < 0.01, ***P < 0.001 occupied shallower waters when being protected by shelter. Medium and large toothcarp changed their depth preferences between sites, tending to use deeper microhabitats in the allopatric site, clearly avoiding the shallowest positions. Though large toothcarp's density was greater in exposed microhabitat their use of sheltered microhabitats also changed among sites (Table 3 ). In the sympatric site exposed microhabitat were clearly preferred while in the allopatric one shelter preference was dependent on water depth (Fig. 3) . Although there was a significant effect of site on fish size, toothcarp being larger in the allopatric site (Fig. 1) , the most influential factor on fish size was the interaction between site and shelter (Table 4) . While in the sympatric site sheltered microhabitats were used by smaller toothcarps than exposed ones, in the allopatric site sheltered microhabitats were used by larger fish (Fig. 4) . Superimposed to this change in fish size across microhabitats and sites, there was a general increase of mean fish size with increasing water depth.
Discussion
Toothcarp populations
There were important differences in toothcarp abundance between sites, with higher fish density Numbers are % deviance (i.e. variance) explained by each factor in the model. Only bottom traps were used in these analyses. Significance levels (as assessed by the F statistic): *P < 0.05, **P < 0.01, ***P < 0.001 Only bottom traps were used in these analyses. Significance levels: *P < 0.05, **P < 0.01, ***P < 0.001 in the allopatric population. This result is congruent with the previously observed negative relationship between sympatric fish abundance and that of toothcarp . Doadrio et al. (2002) also noted that toothcarp occurred at very low densities when in coexistence with invasive mosquitofish (Gambusia holbrooki) or mummichog (Fundulus heteroclitus). In fact, the only extant dense toothcarp populations are reported from the extremely harsh Mediterranean hypersaline streams, which during summer are reduced to isolated pools where the effects of high salinity, temperature and low oxygen content are combined. Apart from toothcarp no other species can occupy these stream reaches, allowing the development of high density competitor and predator-free populations, as has been previously noted for North American cyprinodontids (Echelle et al. 1972; Gido et al. 1999; Martin and Saiki 2005) . Since high salinity per se does not provide toothcarp any reproductive advantage (Oltra and Todolí 2000) , even reducing individual survival at extreme values (Sanz 1985) , the absence of interspecific interactions would appear as an important benefit in hypersaline streams. Other advantages of populations occupying these harsh environments could involve parasite exclusion (Rogowski and Stockwell 2006) . Similar competitor or predator-free refugia have been also described associated to other extreme environmental conditions, such as thermal waters (e.g. Ortubay and Cussac 2000) .
Allopatric Sympatric
Abundance differences were not as evident for small toothcarp as for large size categories, suggesting that the mechanism responsible for abundance differences would involve an increased mortality in the sympatric site (e.g. see Rogowski and Stockwell 2006) . Kodric-Brown and Mazzolini (1992) proposed that salinity regulated interactions in two lake populations of pupfish Cyprinodon pecosensis and killifish Fundulus zebrinus. As in our study sites, pupfish was more abundant and larger at high salinity. Pou-Rovira et al. (2004) monitored two Aphanius iberus populations in coastal lagoons with low abundances of other fish species and found that toothcarp abundances increased in early summer but reached their maxima at early autumn. In contrast, intense monitoring of the sympatric site population showed that toothcarp density peaked in early summer, due to a massive emergence of young of the year, and then suffered a pronounced decline (Clavero et al. 2006) , again suggesting high juvenile mortality rates. In fact, predation upon juvenile Aphanius toothcarp by mosquitofish and sharp reproduction failure in the presence mosquitofish was demostrated by Rincó n et al. (2002) toothcarp positively selected shallow areas, while sheltered microhabitats were used by smaller individuals than exposed ones. Contrarily, in the allopatric site the shallowest depth class was not the preferred one for any size category, there was a clear preference for deep microhabitats in the absence of shelter (which increased with fish size) and sheltered microhabitats were used by larger fish (see Figs. 3, 4) . It is commonly assumed that the combined effects of aquatic predators (mainly piscivorous fishes) and terrestrial ones (wading birds and mammals) are the main exogenous determinants of microhabitat use by stream fish. In order to avoid piscivorous fish, small fish usually occupy shallow microhabitats, which constitute effective refuges increased vulnerability of large fish to wading predators (Power 1984 (Power , 1987 . Thus, in the absence of aquatic predators a shift towards deeper microhabitats should be expected (Mittelbach 1986; Harvey 1991) . This pattern was evident in the allopatric site and in exposed microhabitats, with an almost linear increase of fish density with water depth. The occupance of shallower positions in the sympatric site toothcarp would therefore lead to a higher vulnerability to predation by wading animals. However, since shelter can provide effective protection from terrestrial predators (e.g. Valdimarsson and Metcalfe 1998) , the presence of shelter allowed fish to occupy shallower microhabitats (see also Clavero et al. 2005) , as has been observed in both study sites.
The simultaneous action of terrestrial and aquatic predators is also claimed to be the determinant of the larger-fish-deeper-water pattern (Harvey and Stewart 1991) . This pattern was very clear in unsheltered microhabitats in both sites, suggesting that the predation pressure from terrestrial animals may be strong enough to induce a size-related depth use. Depth-size relationships were less clear when fish used sheltered microhabitat, and, more importantly, size of fish using them strongly differed between sites (see Fig. 4 ). These opposite patterns can be linked to differences in predation risk. Shelter provided by aquatic plants has been shown to reduce foraging success of piscivorous fish (Orth et al. 1984; Gotceitas 1990 ). Since small individuals are more vulnerable to gape-limited predators such as fish (Tonn and Paskowski 1986) , small fish would tend to occupy sheltered microhabitats in the presence of predatory fish. In the other hand, if, as in the allopatric site, only terrestrial predators are present, sheltered microhabitats should be selected by larger individuals, since wading birds are size-specific predators, consuming preferentially larger fish (Britton and Moser 1982) . The different patterns of size related use of sheltered microhabitats in the two study sites fit well with these predictions.
Although it had been previously suggested that introduced species was the most important factor implied in the decline of Iberian toothcarp species (Doadrio 2001; Doadrio et al. 2002) , this paper shows that the presence of coexisting native fish species is also an important habitat feature determining toothcarp's ecology. We do not have direct evidence on the mechanisms generating the observed patterns, but differences in abundance, population size structure and microhabitat use could be related to the effect of predation. Extant populations where toothcarp is the only fish species present should have priority consideration for conservation purposes. This should also be taken into account when selecting possible areas for reintroduction of the species (e.g. Pintos et al. 1999) , since interspecific interactions could reduce the viability of newly established populations.
